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POLYETHYLENE TinrHTH" * TC » FOR WGH-DEN3ITY MAGNETIC RFCOBPING MEDIA 



JND OF THE INVENTION 

The present Invention relates to polyethylene naphthaJate film for high-density ^ magnetic reading 
media. The present invention particularly relates -to a polyethylene naphthalate film for high-density 
magnetic recording media which has little anisotropy. high mechanical strength and good dime^on^ 
Sity. and which scarcely causes a drop out and has good productivity. More particularly. tte present 
invention relates to a polyethylene naphthaJate film which has a tensile stress at 5 % ' ^9*°" ' 
(hereinunder referred to as "F-5 value") in the range of 13 kg/mm' to 21 kg/mm* in any direction on the film, 
a Young's modulus in the range of 500 kg/mm' to 800 kg/mm 2 in any direction on the film a heat shnnkage 
of less than 2.5 % in any direction; a center line average roughness Ra of not more than 0.012 urn and not 
more than 10 coarse protuberances of not lower than 1.08 urn per 25 cm-, wherein each of the deviations of 
the F-5 values. Young's moduli and heat shrinkages is not more than 20 %. 

A magnetic recording medium such as a magnetic recording tape and a magnetic recording disk is 
obtained by forming a magnetic layer on the surface of a base film by applying magnetic particles together 
with a binder or coating the surface of the base film with magnetic metal by vacuum deposition, sputtenng 
or plating Demand for high-density recording on such magnetic recording media has recently been 
increasing With such an increasing demand for high-density recording, much importance has been taken 
on the improvements of the heat resistance, physical properties (tensile stress at 5 % elongation. Young s 
modulus, heat shrinkage, etc.). and the isotropy for magnetic recording media. If a magnetic recording 
medium is made of a base film insufficient in isotropy, namely, a base film having much anisotropy, it 
twists causes thermal strain, or is inferior in toughness, so that it is unsuitable for high-density recording 
and reproduction. For example, it causes a disturbance of a picture or deteriorates the quality of sound 
during reproduction. Furthermore, with a tendency to high-density recording, a film is required to have 
evenness However, mere reduction in the surface roughness does not bring about a highly densified 
magnetic recording material. That is. ft is necessary to reduce the number of the coarse protuberances as 
well as the surface roughness in order to prevent drop outs. 

Polyethylene terephthalate films have conventionally been used as a magnetic recording film. Improve- 
ments of these films have also been attempted to meet the demand for high-density magnetic recording 
media. Polyethylene terephthalate, however, does not have sufficient heat resistance, and It is difficult both 
to reduce the anisotropy of the film and to increase its mechanical strength. Thus, a film which possesses 
all the properties required for a high-density magnetic recording medium has been strongly demanded. 

On the other hand, since polyethylene naphthalate which has a naphthalene ring in a molecular chain 
has a rigid molecular structure and exhibits a high crystallizability, a film formed of this material is expected 
to be excellent in heat resistance, mechanical strength and dimensional stability, and a magnetic recording 
tape adopting a polyethylene-2.6-naphthalate film as a base film and its manufacturing method have already 
been proposed (Japanese Patent Publication No. 48-29541 (1973), Japanese Patent Application Laying-Open 
(KOKAl) No. 50-45877 (1975) and Japanese Patent Publication No. 56-19012 (1981)). However, since these 
polyethylene-2,6-naphtha!ate films disclosed in the prior art are insufficient in isotropy of the mechanical 
properties, they are unsatisfactory to be used as a base film for a high-density magnetic recording medium. 

As a result of various researches of the present inventor to provide a film suitable as a base film for a 
high-density magnetic recording medium, it has been found that a film obtained by providing a substantially 
non-oriented polyethylene naphthalate film with specific properties by means of sequential biaxial orienta- 
tion, in other words, a polyethylene naphthalate film which has an F-5 value ir* the range of 13 kg/mm 2 to 21 
kg/mm 2 in any direction on the film; a Young's modulus in the range of 500 kg/mm 2 to 800 kg/mm 2 in any 
direction on the film; a heat shrinkage of less than 2.5 % in any direction; a center line average roughness 
Ra of not more than 0.012 urn and not more than 10 coarse protuberances of not lower than 1.08 urn per 25 
cm 2 , wherein each of the deviations of the F-5 values, Young's moduli and heat shrinkages is not more than 
20 % possesses all the properties required for a base film for a high-density magnetic recording medium. 
The present invention has been accomplished on the basis of this finding. 
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SUMMARY OF THE INVENTION: 

|„ the first aspect of the present invention, provided is a biaxially oriented polyethylene ****** J™ 
for HtaMMRy magnetic recording media which has a tensile stress at 5 % e»onga*on m *e range ofl3 
wmmMo 2. kg/mm" in any direction on the film; a Young's modulus in the range of 500 ^kg/mm to 800 
koW n any direction on the film; a heat shrinkage of less than 2.5 % .n any direction on toe film, a 
cenT line Parage roughness Ra of not more than 0.0.2 um and not more than .0 coarse protuberances of 
Tot TowLr 4n . 08 um high per 25 cm', wherein each of the deviations of said tensHe stresses at 5 % 
elonaaflon. Young's moduli and heat shrinkages is not more than 20 %. rf «^ toH 
in *e second aspect of the present invention, provided is a process for producing a b.ax,al.y onented 
po.yethy.ene naphthXrte fi.m of not .ess than 50um for high-density magnetic recording media which _has a 
tensSe stress at 5% elongation in the range of .3 kg/mm 1 to 21 kg/mm' .n any direction on the film, a 
?S'st5u.?s in the raSge of 500 kg/mm' to 800 kg/mm- in any direction on the fikn; a heat shnngkage 
of tess than 2.5% in any direction on the film; a center line average roughness Ra of not more titan 0 012 
um Sd not more than 10 coarse protuberances of not lower than 1.08 um high per 25 cm', wherein each of 
m T d^iaSnT JTsaid tensiie stresses at 5 % elongation. Young's moduli and heat shrinkages ,s not more 

*^*g T^«<ZtX™^«on of a po.yethy.ene naphtha.ate which contains inactive fine 

^Sching said unstretched film in the machine direction by 35 to 5.0 times at a temperature of 130 to 

fetching said film in the transverse direction by 3.5 to 5.0 times at a temperature of 130 to 180'C. and 
heatsetting said film at a temperature of 180 to 270°C for I second to 10 minutes 

in the third aspect of the prevent invention, provided is a process for producing a b.ax,ally onented 
polyethylene naphthalate film of less than 50 u for high-density magnetic recording med« . which has a 
tensile stress at 5% elongation in the range of .3 kg/mm' to 21 kg/mm' .n any direction on the film, a 
Young's modulus in the range of 500 kg/mm' to 800 kg/mm' in any direction on the film; a heat shnngkage 
of less than 2.5 % in any direction on the film; a center line average roughness Ra of not more than 0 012 
um and not more than 10 coarse protuberances of not lower than 1.08 um high per 25 cm', wherein each of 
the deviations of said tensile stresses at 5 % elongation. Young's moduli and heat shnnkages is not more 
than 20 %. comprising the steps of: 

forming an unstretched film by melt-extrusion of a polyethylene naphthalate which contains inactive fine 

^stretching said unstretched film in the machine direction by 2.0 to 5.0 times at a temperature of 130 to 

35 '^stretching said film in the transverse direction by 3.0 to 5.0 times at a temperature of 130 to 180'C. 
heatsetting said film at a temperature of 130 to 240°C, „ nn .~ 
restretching said film in the machine direction by 1.05 to 4.0 times at a temperature of 140 to 200 C. and 
re-heatsetting said film at a temperature of 180 to 270'C for I second to 10 minutes. 
In the forth aspect of the present invention, provided is a process for producing a biaxially onented 
polyethylene naphthalate film for high-density magnetic recording media which has a ten f ile m ^ e ^ n S t /» 
elongation in the range of 13 kg/mm' to 21 kg/mm' in any direction on the film; a Young s modulus in the 
range of 500 kg/mm' to 800 kg/mm' in any direction on the film; a heat shrinkage of less than 2.5 * in any 
direction on the film; a center line average roughness Ra of not more than 0.012 urn and not more than 10 
45 coarse protuberances of not less than 1.08 um high per 25 cm', wherein each of the deviations of said 
tensile stresses at 5 % elongation. Young's moduli and heat shrinkages is not more than 20 %. compnsmg 

** ^rning a laminated film comprising a polyethylene naphthalate intermediate layer which contains 
substantially no fine particles or 0.1 to 3 wt% carbon black and two polyethylene naphthalate surface layers 
so which contain inactive fine particles by co-extruding a polyethylene naphthalate which contains inactive fine 
particles and a polyethylene naphthalate which contains substantially no fine particles or 0.1 to 3 wt/. 

^SetS said laminated film in the machine direction by 3.5 to 5.0 times at a temperature of .30 to 
I70*C 

55 stretching said film in the transverse direction by 3.5 to 5.0 times at a temperature of 130 to 180'C. and 
heatsetting said film at a temperature of 180 to 270°C for I second to 10 minutes. 
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BRIEF INSCRIPTION OF THF DRAWING 

Fin I is a scheme showing the angular distribution of the F-5 values of films. The reference numeral I 
represent ie Sgu^dTs^buSon of a conventional film. 2 that of the film according to the present 
InveTon and th^mbo. TO represents the transverse direction and MD the machine direction. 

DFTAILED PFRORIPTION OF THF INV ENTION 

The present invention relates to polyethylene naphthalate film for high-density magnetic recording 
mecT^Tp^sS invention partial relates to a polyethylene naphmafete film for hig^er^y 
magnetic recording media which has little anisotropy. high mechanical strength and good d.mensional 
stahilrtv and which scarcely causes a drop out and has good productivity. 

The' potXlenrnapWhalate in the present Invention means polyethylene naphthalates. preferably 
wlyXlSSaphthSte, or a polymer containing not less than 70 wt% polyethylene naphthalates. 
SeS^y^ene-2.6^aphthalate. A copolymer containing a ethylene naphthalate unit as a mam 
conSSonaT Zl or a mbSre of a polyethylene naphthalate with other polyesters which does not 
Sbstantially impair the characteristics of a polyethylene naphthalate fs also usable in the presen ^ nventoru 
The oolvethylenTnaphthalate may contain a stabilizer such as phosphoric ac.d. phosphorous ac.d and an 
Ser Te imrinsic viscosJy (measured in a mixed solvent of phenol and 1.1 A2-tetrach.oroethane ^jn 
S weight ratio of I : I. at 30-C) of the polyethylene naphthalate is preferably 0.5 to 1.0 and more preferably 

0 ' 55 Tbe°p 9 olyethyIene naphthalate film according to the present invention is a biaxially oriented film having 
the following £°P^ fe ^ ^ 5 % elongation) in any direction on the film is in the range of 13 
kq/mm* to 21 kg/mm 1 , preferably 15 to 21 kg/mm'. A film of an F-5 value of less than 13 kg/mm can be 
obtaTed from ^lyemylene terephthalate and there is no advantage in using expensive po yettiy ene 
naphthalate. On *e other hand, if the F-5 value is more than 21 kgW. since production of a polyethylene 
Shthalate by sequential biaxial stretching is difficult It Is necessary to adopt simultaneous baxial 
orientation, which disadvantageous* greatly reduces the film formation speed resulting in nse >ncost 

2 The Young's modulus in any direction on the film is in the range of 500 kg/mm 1 to 800 kg/mm . 
preferably 500 to 750 kg/mm* If the Young's modulus is less than 500 kg/mm', the dimensional stability with 
respect to external force is poor, and such a film can be produced from polyethylene terephthalate making 
the use of an expensive polyethylene naphthalate meaningless. If the Young's modulus is more than 800 
kg/mm 1 on the other hand, the productivity of film formation is degraded by. for example, defeneration of 
the evenness of the film or frequent breakage of the film in biaxial stretching. 

3 The heat shrinkage in any direction is less than 2.5 %. preferably not more than 2.0 % at 150 C. A 
film having a heat shrinkage of not less than 2.5 % is unsuitable as a base film for a high-dens.ty magnetic 

recording medium. . , . ^ _„ 

4 Any of the deviations of the F-5 values. Young's moduli, and heat shnnkages is not more than 20 
% preferably not more than 10 %. The deviation means the value (%) obtained by subtracting the minimum 
value from the maximum value, dividing the difference by the maximum value and multiplying toe quotient 
by 100. If any of the deviations is larger than 20 %. the film is unsuitable as a base film for a high-density 
magnetic recording medium which is required to have isotropy. 

-A film having little anisotropy" in the present invention means not only a film having the similar values 
of the physical properties (F-5 value. Young's modulus and heat shrinkage) in the machine direction and the 
transverse direction but also a film having similar values in any direction on the film. That is. the angular 
distribution curve of the values of each physical property obtained at various angles (generally measured at 
every 5 degrees) on the film is in the above-described range at any angle. 

Since the value of each physical property is ordinarily symmetric with respect to a center on the film, 
the anisotropy of the film will be explained by using the values of the physical properties measured at 
angles (8) of 0' (in the machine direction). 45'. and 90" (in the transverse direction) with reference to Fig. I 
In Fig I the reference numeral I represents the angular distribution of the F-5 values of a conventional 
film and 2 that of the film according to the present invention. The curve I is a typical example showing large 
anisotropy in which the values in the transverse direction (TD) and those in the machine direction (MD) are 
different, and the curve is concave in the direction of 45" degrees. The curve 2 is a typical example 
showing a very little anisotropy. and the F-5 values are much larger than those of the curve 1. 
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5. The center line average surface roughness Ra is not more than 0.012 urn. Preferably ^not more than 
nnna u.m It is necessary to provide the surface of the film with an appropriate roughness by adding 
naSJ V« JSs in'order to provide a good workability during the P-duction of a magnetic 
receding medium and to make a magnetic recording medium, in particular, a magnetic record.ng tape run 
5 smoothly^ m ^ ods ^ ^ surface ^ ^ film wjth an appropriate roughness is a method of 

separating fine particles by reacting a metal compound which is disolved in a reaction system, for example 
after titter interchange .reaction with a phosphoric compound during the preparation of a Polyethylene 
naphthalate. This method is called a deposited particle method and is preferable because .t produces little 

10 °° a Wha^Sled a particle addition method is an easier method. This is a method of mixing inactive fine 
particles in a step between the step for preparing a polyethylene naphthalate and the step for extruding for 
me film formation. As the inactive fine particles, the fine particles of kaolin, talc, silica, magnesium 
Sbonate .calcium carbonate, barium carbonate, calcium sulfate, barium sulfate, lithium phosphate, calcium 
phosphate, magnesium phosphate, aluminum oxide, silicon oxide, titanium oxide, lithium fluoride. Ca. Ba. 
Zn and Mn salts of terephthalic acid and of carbon blacks are exemplified. Such inactive fine particles may 
be used singly or used as mixture of two or more memlers selected from the above described group. 
These inactive fine particles may be spherical, bulky, or flaky in shape, and there is no special restncbon in 
the hardness, specific gravity, color or the like of the inactive fine particles, either The primary particle 
diameter of the inactive fine particles is 0.001 to 1.5 urn. preferably 0.01 to 1.0 urn. The amount of the fine 
particles to be mixed to the film is 0.01 to I wt%. preferably 0.02 to 0.8 wt%. and more preferably 0.03 to 0.5 
wt% It is particularly preferable to use simultaneously small particles having a primary particle diameter of 
0 001 to 0.5 ixm together with large particles having a primary particle diameter of 0.4 to 1.0 urn. As the 
small particles, titanium oxide, silica, etc. are preferable and mixing amount thereof is 0.03 to 05 wt%. As 
the large particles, calcium carbonate is preferable and mixing amount thereof is 0.001 to 0.05 wt%. 

6 The number of coarse protuberances of not lower than 1.08 urn is not more than 10. preferably not 
more than 5 per 25 cm'. Even if Ra Is not more than 0.012 urn. a coarse protuberance causes a drop out. 
which induces an error during recording or reproduction. In order to lessen the coarse protuberance in a 
polyethylene terephthalate film, a method of filtering out the coarse particles through a filter in the extrusion 
step for film formation is generally adopted. In the case of a polyethylene naphthalate film, however, since 
the melt viscosity is high, a larger filtering pressures is required in comparison with the filtration of a 
polyethylene terephthalate film. Since the clogging of the filter requires even larger filtering pressure, it is 
therefore necessary to replace the filter frequently, thereby reducing the productivity dunng the film 
formation. Alternatively, the filtering area may be enlarged to a great extent In this method, however, a 
dead space is produced in passing the polymer through the filter, and the deteriorated polymer remaining in 
the dead space is mixed into the film and causes breakage of the film, resulting in the reduction in 
productivity during the film formation. Another method is a method of removing the coarse particles after 
the preparation of a polyethylene naphthalate and before cutting into chips prior to the step of film 
formation. For example, there are a method of filtering the molten polymer at the time of discharging from 
the polymerization vessel, and a method of filtering the polymer after it has been cut into chips and when it 
is extruded again by an extruder in the form of chips. Although these methods are adaptable to the filtration 
of a small amount of polymer, they are not effective enough for film formation in a large industrial scale of 
mass production. 

The present inventor has found that a film having few coarse protuberances on the surface thereof can 
be obtained without the above-described problems by adopting a method of laminating thin layers which 
contain the inactive fine particles on both surfaces of an intermediate layer which contains substantially no 
particles by a co-extrusion method. . 

Since the intermediate layer which occupies the larger part of the film contains substantially no 
particles, filtration is not needed. Even if filtration is necessary, a very coarse filter which is rarely clogged 
can be used, thereby dispensing with the need for replacement On the other hand, since the layers 
containing the fine particles only form the surfaces of the film, the amount to be extruded is small and 
requires only a low filtering pressure, thereby prolonging the lifetime of the filter. 

As the filter, a leaf disc type filter which has a large filtering area is preferable. Woven wire, sintered 
woven wire, or a sintered metal filter may be preferably used. Granular filters made of materials such as 
metal grains, sand, glass beads and wire are not preferable because such filters are difficult to reuse. The 
mesh size of the filter is different depending on the kind of magnetic recording media, but is preferably 100 
to 10,000 mesh, more preferably 1,000 to 10.000 mesh. 
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The ratio of thickness of the surface layer and the intermediate layer of the biaxially oriented 
polyethylene naphthalate film according to the present invention is 2 : 75 to 4 : I and the total thickness of 
the film is preferably not less than 50 urn. The two surface layers preferably have the same thickness. If the 
surface layer is too thin, the roughness of the surface layer inconveniently becomes non-uniform, while too 
5 thick surface layer disadvantageous^ makes the long use of the fitter, which is one of the object of the 
present invention, difficult 

It is necessary to form a thin magnetic layer for the purpose of high-density magnetic recording. It is 
well known that such a thin magnetic layer reduces the difference in the light transmtttance between the 
positioning index hole of a magnetic disk and the film, resulting in production of an error. To prevent this, it 
io has been desired to enhance the light-screening property of the film itself. Adoption of the above-described 
co-extrusion method can easily meet such a demand by using polyethylene naphthalate containing a 
carbon black as the intermediate layer. 

The carbon black used in the present invention is not specially limited, but lamp black, thermal black, 
furnace black, acetylene black, etc. are preferable. The particle size is preferably 0.001 to I urn in primary 
75 particle diameter, and the amount to be added is preferable 0.1 to 3 wt%. 

The polyethylene naphthalate film according to the present invention which is superior in the heat 
resistance, mechanical strength and dimensional stability to a conventional polyethylene terephthalate film, 
and which has little anisotropy in the film face, low surface roughness and few coarse protuberances is 
produced, for example, in the following process. 
20 A polyethylene naphthalate (polymer I) which contains inactive fine particles such as silica, titanium 
oxide and calcium carbonate, and optionally contains stabilizer, coloring agent, defoaming agent, organic 
lubricant and additive such as polyalkyl glycol is prepared by an ordinary method, pelletized and dried. It is 
preferable to filter the molten polymer through a filter of 100 to 10,000 mesh to remove coarse particles when 
discharged from the polymerization vessel or when pelletized by an extruder. 
25 in order to obtain a single-layer film, a pellet of the polymer I is melt-extruded at 280 to 320°C, filtered 
through a filter of 100 to 10,000 mesh, extruded into a film and cooled to be hardened on a casting drum by, 
for example, an electrostatic cooling method, thereby obtaining an unstretched film. 

It is possible, if necessary, to obtain an unstretched three-layered film comprises the surface layers of 
the polymer I and the intermediate layer of a polymer II in the following process. 
30 A polymer II which contains substantially no particles except for a carbon black is produced, pelletized 
and dried by an ordinary method. The pellet of the polymer I and the pellet of the polymer II are co- 
extruded by separate extruders, thereby laminating polymer I on the both surfaces of the layer of the 
polymer II and the laminated film is cooled to be hardened on a casting drum. At this time, a fine-meshed 
filter of 1,000 to 10,000 mesh is used in the extruder for the polymer I, while a coarser-meshed filter of 100 to 
35 3.000 mesh is used in the extruder for the polymer U. 

in order to obtain a biaxially oriented film of not less than 50 urn thick, an unstretched single-layer or 
three-layered film obtained in the above-described process is first stretched in the machine direction by 3.5 
to 5.0 times at a temperature of 130 to 170°C, and next in the transverse direction by 3.5 to 5.0 times at a 
temperature of 130 to I80 P C, and is heatset at 180 to 270 °C for I second to 10 minutes. During heatsetting, 
40 the film may be subjected to relaxation in the transverse direction by I to 30 %, or after heatsetting the film 
may be subjected to relaxation in the machine direction by I to 30 %. 

Although it is also possible to obtain a biaxially oriented film of less than 50 urn thick in the above- 
described process, ft is more preferable to obtain such a film in the following way. 

An unstretched single-layer film is stretched In the machine direction by 2.0 to 5.0 times at a 
45 temperature of 130 to 170°C at one stage or multi-stages, and next in the transverse direction by 3.0 to 5.0 
times at a temperature of 130 to I80°C, and is heatset at 130 to 240°C preferably while subjecting the film to 
relaxation in the transverse direction by I to 30 %. The film is re-stretched in the machine direction at 140 to 
200° C by 1.05 to 4.0 times, and is preferably re-stretched thereafter in the transverse direction by 1.05 to 4 
times at 140 to 200 °C. The film is then heatset again at a temperature of 180 to 270 °C for I second to 10 
so minutes to obtain a biaxially oriented film of less than 50 urn thick. It is also preferable to subject the film to 
relaxation in the transverse direction by I to 30 % during the re-heatsetting step or to subject the film to 
relaxation in the machine direction by I to 30 % in the cooling zone after the re-heatsetting step. 
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TO 



, K+hoiata film according to the present invention obtained in the 

The biaxial* oriented fp^^^g^^SsSm um an F-5 value in the range of .3 
above ways has a film thickness of 5 to 125 um. Pr***W s ™ dulus in the ra nge of 500 kg/mm' to 800 
kg/mm' to 2. kg/mm' in any direction . ^^^^Z^s^n an? direction on the film, a 
kg/mm' in any direction on the . film a ^ not more than .0 coarse protuberances of 

strss awsz ss— - - ~ ° f * e f - s va,ues - Youn9 ' s modu,i 

heat shrinkages is not more than 20 % mann _ tic ^rding tape and a magnetic recording disk using 

A magnetic recording med,um ^^^T^n^SL by a kSown method of forming a 
the film according to the .present inventor, m**m > film ■ ^o y g ^ , binder 

ToTetrSSTrfi^ - — "» ma9n6tiC ^ ^ 

means of vacuum evaporation, sputtenng or plati ng^ re f e rence to the non-limilative following 
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(j) F-5 Value 



temperature of 25° C 
(g) Young's modulus 



of 25°C. 



(3) Heat shrinkage 

35 original length and l is the measured length. 

(4) Center line average rouohness (Ra: jjJUl 

45 S! Y. and the surface roughness (um) is obtained from the followmg formula. 
Ra = -t" * © |f{x)|dx 

Values above 80 um were cut off. Ra was obtained by the average at 5 points in the machine 
50 direction and 5 points in the transverse direction, namely, at 10 points in total. 
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{§) Number nf coarse protuberances 

^ «, under crossed Nicols and observed in 10 * magnification. The shining fish-eye 

respect to 25 cm a - 



I 



40 



'° Po.yethylene-a.e^aphtha.ates each of which contains 0.6 wt% of silica ^PjJ ^ 
H ?am « Jrof o 03 urn and 0 012 wt% of calcium carbonate having a primary part.de diameter of 05 urn were 
seSeiy pZ^bTan Inary method. Each of the polymers was filtered through a «£r oHSOO mesh 
ft wi (Sctoged from the respective polymerization vessel, and was «"^>*"^?~ 
T5 SSs J7Sln the weight ratio of I : I, dried, extruded by an ^^er ^d bmught M>«« t wfth 
fcaSna drum by an electrostatic cooling method, thereby obtaining an unstretched film. At this tone the 

a casting arum oy unstretched film was stretched in the machine 

^3 9^es aTSi. So fn fiTJ'erse di^on by 4.0 times at M0-C. Thereafter it was 
S at ^5 setonS; to obtain a film 9 am in thickness. The physical properties of the film 

20 n^rim^g a ferromagnetic ailoy powder (Fe -Co, and a 

«f .Hp nhtahied Dolvethvlene-2.6-naphthalate film by an ordinary method, and the film was suojectec i to 

» t^TC-R- - running nature of - magnefic tape obtained 

,n to running in a video tape recorder at a speed of .0 cnVs^whUe 

repeating the startinT end stopping operations. The damage (wrinkle, etc.) at the end of the tope was 
££2 after a 100-hour running. The marks O, x and A represent good. bad. and moderate «^ 
ao Th7s/N ratio. D«(drop-out) were measured by an ordinary method, and evaluated on the basis of the 
mlsured^ults of agnatic tape which was produced in the same way except that a polyethylene 
terephthalate film was used in place of a polyethylene naphthalate film. 

35 Example 2 

The same unstretched film as that in Example I was stretched in two stages in the machine direction by 
3.2 times at 150-C. further by 1.2 times at I45«C. stretched in the transverse direction by 4.5 times at 160 C. 
and was heatset at 180-C. The film was restretched in the machine direction by 1.3 times at 170 C and was 
heatset at 240°C for 7 seconds to obtain a film of 8 urn in thickness. The physi^ properties of the film 
obtained are shown in Table I and the physical properties of the magnetic tape produced from of the film «n 
the same way as in Example I are shown in Table 2. 



45 Example 3 

The same unstretched film as that in Example I was first stretched in two stages in the machine 
direction by 2.4 times at 130-C. further by 1.2 times at K5-C. stretched in the transverse direction by 3.3 
times at 140'C. and was heatset at IB0-C. The biaxially oriented film was restretched .n the machine 
so direction by 1.7 times and in the transverse direction by 1.4 times at 170'C. and was heatset at 230 C for 8 
seconds The film was cooled and wound while subjecting the film to relaxation in the transverse direction 
by 5 % and in the machine direction by 3 %. The thickness of the film was 7 urn. The physical properties 
of the film obtained are shown in Table I and the physical properties of the magnetic tape produced from 
the film in the same way as in Example I are shown in Table I. 
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Table 
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15 
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25 







c /m Ratio 


Running 
Nature or Tape 


Example 1 


Same 


Same 


A 


Example 2 


Same 


Same 


0 * A 


Example 3 


Same 


A little 
better 


0 


Comparative 
Example 1 


Same 


Same 


X 



30 



Example 4 

" rt !TlS£?!r»1 S£SS?S S^SJSTS**-. by 3.B «™. a. 140-0. the mm wee 
ST,?^ £ O . m of 76 «n thick. The physk* properoee ot th. turn .re 

shown in Table 3. 



40 



Example 5 

Po 1 y«hy l ««. 2 .6. w hth a la« (polymer C) cootaWno U w>% =ert.oo btecktokj . pdmjy r-rlld. 
those of the film in Example 4 except that the light-screening at 900 nm was 70 %. 



Comparative Example 2 

A biaxially oriented film was obtained In the same way as in Example 4 except that J« 
strewn L machine direction by 3.4 times and restretched in the transverse d.recfon by 4.5 bmes. 
The physical properties of the Aim obtained are shown in Table 3. 
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Table 
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75 



Tensile Stress 
at 5% Elonga- 
tion 
(F-5 Value) 
2 

(kg/mm ) 



20 I Young's 

Modulus 
2 

(kg/mm ) 

25 



so J Heat Shrinkage 
(%) 



35 



(kg/mm ) 



] 


Example 4 | \ 


Example 5 | ( 


Comparative 1 
Example 2 1 


0° 


— 

15.2 


1j • 


14.0 1 


45° 


15.3 


15.3 


16.5 


90° 


15.5 


15.5 


18.5 


Deviation 
in F xane v ^ ) 


2 


2 


2.4 


0° 


610 




550 


45° 


615 


615 


750 


90° 


620 


620 


830 


Deviation 
in Plane (%) 


1.6 


1.6 


33 


0° 


1.0 


1.0 


1.1 


45° 


1.1 


1.1 


2.2 


90° 


! " 2 


1.2 


2.8 


Deviation 
in plane (% 


) 17 


nz 


EEZ 



0-006 



0.006 



0,006 



40 I Center Line Average 
Roughness Ra (pm) 

Number of Coarse 
Protuberances (per 25 cm ) 

Examples 6 and 7, and Hnmoarative Example 3: 

" Magaaacan, aof. layer of PemalB, (M-Fa aUay) having aa avaraga «*f ^ »' >£™ 
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*u« Hjeuc vupm suitable for high-density magnetic recording. When these 

55 .^SKSJ - a beee «m. *» -ocotno ««, of « - - 

about 10 times as high as that of the te«er ohtained in ^ e Comparative Example 2 had so large 

unsuitable for high-density magnetic recording. 

to Comparative Examples 4 and 5: 

The formation o, ft. layer of pjrm-jM- £ ^ s %^ 
commercially avaHab.e ESSE ££ZL film L a low heat resistance 
urn) in the same way as in Example 4 Since me > P 0 ^ 6 ^ linnrarf , callv , ow ^ to the polyimide film, the 
, 5 and blooming of oligomers occuned, ^jJf^'^S^S^^ strengm between the 

r^y^^^^^ 

for high-density magnetic recording was not obtained. 



*»eS*y 



25 



Comparative Example 6 

r^taounp out, s<ee»y InoM-d. This sin, was unusable « a n»gn«« diek. 



30 



35 



Comparative Example 7 

wh«n » hiaxiailv oriented film of 75 ixm thick was produced in the same way as in Example 4 except 

SETS. SoggerJ" medSfely ^Tc££» Aim formation. The Ra of the film was 0.02. urn. 
%IS£ IS ^SJSSm this film in the same way as in Exampie 6 had a very low output. 



Claims 
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i A biaxial oriented polyethylene naphthalate film for high-density magnetic recording media which 
20 °2 A polyethylene naphthalate film for high-density magnetic recording media accoftft* ^ 

^aTe^r^^^ — - 

"""S^Kng eeio unewehed Mm I- the metee. *«*». by 35 to 5.0 times e> e femperetwe of BO to 
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!70°C f 



70 



75 



carbon black, 

str 
170°C, 



25 



30 



40 



'hefting „* mm in toe transits diradon by 35 <o M tax ; - »»?«»™ "* 130 » ,80 " C - " d 

~ • ~OTt, , s^^ — - 

u* "snatched «m in the machine dhec«en by 2.0 to 5.0 times et a tempe-aton, nf 00 to 
^stretching said film in the transverse direction by 3X to 5.0 limes at a temperature of too to IBO'C. 
"SlirSrS^. « .to« - berato™ - MO to SOO-C. an. 

^S.g said laminated film in the machine direction by 3.5 to 5.0 times at a temperature of .30 to 
Etching said film in the transverse direction by 3.5 to 5.0 times at a temperature of 130 to 180-C. and 

average rou^hnis Ra of not more than 0.012 um and not more than 10 coarse protuberances fj^*™" 
STRUTS* per 25 cm*, wherein each of the deviations of said tensile stresses at 5 % elongation. 
Sntfs rn^uS and P heat shrinkages is not more than 20 %^omprising J* 

forming an unstretched film by melt-extrusion of a polyethylene naphthalate which contains inactive fine 

^Setting said unstretched film in the machine direction by 3.5 to 5.0 times at a temperature of 130 to 

Etching said film in the transverse direction by 3.5 to 5.0 times at a temperature of 130 to 180-C. and 
heatsetting said film at a temperature of ISO to 270-C for I second to 10 minutes 

T A process according to claim 7 . wherein said polyethylene naphthalate is polyethylene-2.6- 

naP ? A^rocess for producing a biaxially oriented polyethylene naphthalate film of less than 50 urn for 
hJ£SZw* ^cordSg media which has a tensile stress at 5 % 
k3mn? to 21 kqW in any direction on the film: a Young's modulus in the range of 500 kg/mm to 800 
£ S ^ydJectiS. « the film; a heat shrinkage of less than 2J5 % in any direction; a center Ime 
Se reu^ne^S of not more than 0.012 um and not ™^°^^r% eS 
SSuM um high per 25 cm', wherein each of the deviations of said tensite stresses at 5 % elongation. 
Youna's moduli and heat shrinkages is not more than 20 %. compnsing the steps at 

fon^ing^ unstretched fi.ml? melt-extrusion of a polyethylene naphthalate which containes inactive fine 

fetching said unstretched film in the machine direction by 2.0 to 5.0 times at a temperature of 130 to 

fetching said film in the transverse direction by 3.0 to 5.0 times at a temperature of 130 to 180-C. 
heatsetting said film at a temperature of 130 to 240°C. 

fetching said film in the machine direction by 1.05 to 4.0 times at a temperatore of 140 to 200 C. and 
re-heatsettino said film at a temperature of 180 to 270'C for I second to 10 minutes. 
TSTTSSST according to claim 9. wherein said polyethylene naphtha.ate is po.yethylene-2.6- 



so 170 °C. 
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naphthalate. 
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10 



15 



^ . ,. nnlvethvlene naphthalate film for high-density magnetic 

„. a process for producing •J^^flJgK Grange of .3 kg/mm' to 2. Kg/mm' in any 
recording media which has a tens.le sfress at 5 h e.ong , djrectjon Qn ^ 

direction on the-fHm; a Young' s mod, «ne average roughness Ra of not more 
film; a heat shrinkage of ,ess * a " 2 ; 5 fta f ! n J"^ rances of not less than 1.08 urn high per 25 cm', wherem 

substartMy no fine pa*** or 0.1 » 8 "^ [ 'SjS ^MMW. «M* conalns i-acfiye fin. 

ssrs rssrsssrsrsas - j— * ~ « — - « » 3 - 

naphthalate. 
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